
Table S4.  Inter-hemisphere AIV gene flow.  The numbers in square brackets indicate the -

genetic distance of the sequences to the most recent common ancestor of their cluster.  

Clusters in grey cells represent gene flow events from the eastern to the western hemisphere, 

while all other occurrences of inter-hemisphere gene flow occur in the opposite direction. 

Gen
e 

Lin-
eage  Taxa# Cluster Representative 

Geographical outlier strain 
that is genetically close to 

the cluster 

Potential 
location of 

origin 
Type of gene 

flow* 

PB2 
A 1 

A/fowl/Dobson/1927(H7
N7) 

[0.002754] 

A/chicken/Brescia/1902(H
7N7) 

[0.000450] 

Eurasia  
(Italy) E 

 
B 1 

A/ruddy turnstone/New 
Jersey/47/1985 (H4N6) 

[0.000911] 

A/duck/Czechoslovakia/19
56(H4N6) 
[0.000003] 

Eurasia 
(Czech 

Republic) 
E 

 

C 1 

A/arctic 
tern/Alaska/300/1975(H

5N3) 
[0.007572] 

A/duck/Hong Kong/175/77 
(H6N1) 

[0.014365] 

Eurasia 
(Hong Kong) W 

 
D 10 

A/gull/Maryland/704/197
7(H13N6) 
[0.004559] 

A/gull/Astrakhan/227/1984
(H13N6) 

[0.019807] 

Eurasia 
(Russia) E 

 
E 8 

A/shorebird/DE/68/2004
(H13N9) 

[0.030756] 

A/black-headed 
gull/Sweden/2/99(H16N3) 

[0.022145] 

Eurasia 
(Sweden) E 

 

F 1 

A/northern 
pintail/Alaska/44204-

108/2006(H3N1) 
[0.007523] 

A/duck/Hokkaido/120/200
1(H6N2) 

[0.004563] 

Eurasia 
(Japan) W 

 
G 1 

A/emu/NY/12716/1994(
H5N9) 

[0.026674] 

A/mallard/Marquenterre/Z
237/1983(H1N1) 

[0.024032] 

Eurasia 
(France) E 

 
H 3 

A/chicken/PA/298101-
4/2004(H2N2) 

[0.000407] 

A/pheasant/Ireland/PV18/
97(H9N2) 
[0.023506] 

Eurasia 
(Ireland) E 

 
I 1 

A/guillemot/Sweden/3/0
0(H6N2) 

[0.0.00973] 

A/Shorebird/Delaware/9/9
6(H9N2) 

[0.028014] 

North 
America 
(USA) 

E 

PB1 
A 1 

A/fowl/Dobson/1927(H7
N7) 

[0.05204] 

A/fowl/Rostock/45/1934(H
7N1) 

[0.062642] 

Eurasia 
(Germany) E 

 

B 5 

A/arctic 
tern/Alaska/300/1975(H

5N3) 
[0.01221] 

A/tern/South 
Africa/1961(H5N3) 

[0.058775] 

Africa (South 
Africa) N 

 
C 3 

A/duck/NY/13152-
13/1994(H1N1) 

[0.009118] 

A/duck/Hong 
Kong/365/1978(H4N6) 

[0.034849] 

Eurasia 
(Hong Kong) S 

 
D 1 

A/emu/NY/12716/1994(
H5N9) 

[0.016996] 

A/turkey/England/50-
92/91(H5N1) 
[0.011763] 

Eurasia 
(United 

Kingdom) 
E 

 

E 3 

A/northern 
shoveler/Washington/44

249-604/2006(H9N2) 
[0.001410] 

(NIGSPHI00027) 

A/Duck/Nanchang/4-
165/2000(H4N6) 

[0.028183] 

Eurasia 
(China) W 



 
F 14 

A/turkey/Oregon/1971(
H7N3) 

[0.024892] 

A/shearwater/Australia/75
1/1975(H5N3) 

[0.038478] 

Oceania 
(Australia) W 

 
G 1 

A/guillemot/Sweden/3/0
0(H6N2) 

[0.0097319] 

A/pintail/ALB/275/1996(H4
N6) 

[0.021573] 

North 
America 
(Canada) 

U 

 
H 2 

A/duck/Siberia/272/199
8(H13N6) 

[0.0004712 ] 

A/pheasant/MD/4457/199
3(H5N2) 

[0.023119] 

North 
America 
(USA) 

S 

PA 

A 1 

A/northern 
pintail/Alaska/44204-

108/2006(H3N1) 
[0.010327] 

A/migratory duck/Jiang 
Xi/6568/2004(H4N6) 

[0.003588] 

Eurasia 
(China) W 

 

B 4 

A/northern 
pintail/Alaska/44202-

103/2006(H3N8) 
[0.006191] 

A/duck/Hokkaido/84/2002(
H5N3) 

[0.00353] 

Eurasia 
(Japan) W 

 
C 2 

A/shorebird/DE/286/200
3(H9N2) 

[0.011907] 

A/guillemot/Sweden/3/00(
H6N2) 

[0.005089] 

Eurasia 
(Sweden) E 

 

D 1 
A/emu/NY/12716/1994(

H5N9) 
[0.03427] 

A/mallard 
duck/Astrakhan/263/1982(

H14N5) 
[0.021411] 

Eurasia 
(Russia) E 

 
E 7 

A/shorebird/DE/68/2004
(H13N9) 

[0.027654] 

A/black-headed 
gull/Sweden/5/99(H16N3) 

[0.008795] 

Eurasia 
(Sweden) E 

 
F 1 

A/fowl/Dobson/1927(H7
N7) 

[0.004291] 

A/chicken/Brescia/1902(H
7N7) 

[0.000801] 

Eurasia  
(Italy) W 

 
G 2 

A/duck/Hokkaido/120/2
001(H6N2) 
[0.0038248] 

A/chicken/New Jersey/Sg-
00268/1995(H2N2) 

[0.024542169] 

North 
America 
(USA) 

S 

 

H 3 
A/mallard/HeiLongjiang/

131/2006(H6N2) 
[0.0010098] 

A/northern 
pintail/Alaska/44204-

073/2006(H8N4) 
[0.010220667] 

North 
America 
(USA) 

W 

 
I 2 

A/Duck/Hokkaido/8/80 
(H3N8) 

[0.000476342] 

A/blue-winged 
teal/ALB/221/1978(H7N2) 

[0.027558762] 

North 
America 
(Canada) 

U 

NP 
A 2 

A/chicken/PA/298101-
4/2004(H2N2) 

[0.005489] 

A/guillemot/Sweden/3/00(
H6N2) 

[0.016432] 

Eurasia 
(Sweden) E 

 

B 1 

A/northern 
pintail/Alaska/44202-

143/2006(H6N1)[0.0218
76] 

A/Duck/Germany/113/95(
H9N2)[0.015241] 

Eurasia 
(Germany) N 

 
C 15 

A/mallard/Interior 
Alaska/5/2007(H4N6) 

[0.00707] 

A/duck/Hokkaido/120/200
1(H6N2) 

[0.004711] 

Eurasia 
(Japan) W 

 
D 1 

A/fowl/Dobson/1927(H7
N7) 

[0.000003] 

A/chicken/Brescia/1902(H
7N7) 

[0.001569] 

Eurasia  
(Italy) E 

 
E 4 

A/shorebird/Delaware/2
24/2006(H13N9) 

[0.016629] 

A/black-headed 
gull/Sweden/1/99(H13N6) 

[0.029518] 

Eurasia 
(Sweden) E 

 
F 1 

A/chicken/Heilongjiang/
35/00(H9N2) 

[0.000003496] 

A/turkey/WI/1966(H9N2) 
[0.00078787] 

North 
America 
(USA) 

U 



MP 
A 37 

A/gull/MD/19/1977(H2N
9) 

[0.018529] 

A/duck/Hong 
Kong/34/1976(H3N2) 

[0.007977] 

Eurasia 
(Hong Kong) S 

 
B 4 

A/shorebird/Delaware/1
68/06(H16N3) 

[0.00266] 

A/gull/Astrakhan/1846/199
8(H13N6) 
[0.032778] 

Eurasia 
(Russia) E 

 

C 1 
A/gull/Maryland/704/197

7(H13N6) 
[0.007833] 

A/black headed 
gull/Astrakhan/65/1983(H

13N6) 
[0.074573] 

Eurasia 
(Russia) E 

 

D 1 

A/semi-palmated 
sandpiper/DE/2109/00(

H11N6) 
[0.017753] 

A/red-winged 
tinamou/Argentina/MP1/2

008(H1N1) 
[0.023025] 

South 
America 

(Argentina) 
U 

 

E 1 
A/FPV/Dobson/27 

(H7N7) 
[0.004105] 

A/chicken/Brescia/1902(H
7N7) 

[0.004089] 

Eurasia  
(Italy) E 

 

F 1 
A/duck/Hokkaido/W95/2

006(H10N8) 
[0.0096764] 

A/northern 
pintail/Alaska/44191-

193/2006(H12N5) 
[0.001780743] 

North 
America 
(USA) 

W 

 
G 1 

A/chicken/Shiraz/AIV-
IR004/2007(H9N2) 
[0.000002963993] 

A/Chicken/California/9420
/2001(H6N2) 

[0.000002963987]  

North 
America 
(USA) 

N 

 
H 1 A/duck/Italy/775/2004(H

5N3) [0.02577794] 

A/Shorebird/Delaware/122
/97(H2N1) 

[0.000008894479] 

North 
America 
(USA) 

E 

 
I 6 

A/tern/Australia/1363/20
04(H2N5) 

[0.00000296399328] 

A/mallard/Alberta/203/92(
H6N5) [0.01185987] 

North 
America 
(USA) 

U 

 
J 1 

A/guillemot/Sweden/3/0
0(H6N2) 

[0.001494923] 

A/laughing 
gull/NY/470/00(H6N4) 

[0.0030991177] 

North 
America 
(USA) 

E 

NS 

A 2 

A/pintail 
duck/ALB/86/1976(H3N

2) 
[0.002607] 

A/tern/Turkmenia/18/1972
(H3N3) 

[0.000005] 

Eurasia 
(Turkey) U 

 
B 1 

A/fowl/Dobson/1927(H7
N7) 

[0.002994] 

A/chicken/Brescia/1902(H
7N7) 

[0.003519] 

Eurasia  
(Italy) E 

 
C 4 

A/shorebird/Delaware/2
21/2006(H13N9) 

[0.066331] 

A/black-headed 
gull/Sweden/2/99(H16N3) 

[0.039943] 

Eurasia 
(Sweden) E 

 

D 24 
A/gull/Maryland/704/197

7(H13N6) 
[0.016099] 

A/black headed 
gull/Astrakhan/65/1983(H

13N6) 
[0.094649] 

Eurasia 
(Russia) E 

 

E 3 
A/mallard/MN/355803/0

0(H6) 
[0.005271] 

A/Duck/Hong 
Kong/610/79(H9N2) 

[0.034660] 

Eurasia 
(Hong Kong) S 

 

F 1 

A/northern 
pintail/Alaska/44204-

108/2006(H3N1) 
[0.018183] 

A/aquatic bird/Korea/CN-
1/2004(H3N6) 

[0.000003] 

Eurasia 
(Korea) W 

 
G 2 

A/shorebird/DE/261/200
3(H9N5) 

[0.001776] 

A/mallard/Sweden/4/2005(
H10N4) 

[0.025955] 

Eurasia 
(Sweden) E 



 
H 1 A/guillemot/Sweden/3/0

0(H6N2) [0.038544088] 
A/chicken/NY/14677-

13/98(H6N2) [0.0439731] 

North 
America 
(USA) 

E 

 
I 1 

A/duck/Hokkaido/84/20
02(H5N3) 

[0.0039928161]  

A/green-winged 
teal/AK/281/98(H4N6) 

[0.0012587293 ] 

North 
America 
(USA) 

W 

HA 
A 1 

A/emu/NY/12716/1994(
H5N9) 

[0.03766] 

A/turkey/England/50-
92/91 (H5N1) 

[0.008962] 

Eurasia 
(United 

Kingdom) 
W 

 

B 12 

A/herring 
gull/DE/698/1988(H2N1

) 
[0.006605] 

A/mallard/Potsdam/177-
4/1983(H2N2) 

[0.038691] 

Eurasia 
(Germany) E 

 
C 3 

A/chicken/Pennsylvania
/Sg-00426/2004(H2N2) 

[0.001127] 

A/mallard/Netherlands/13/
99(H2N2) 
[0.033824] 

Eurasia 
(Netherlands) E 

 
D 1 

A/mallard/MT/Y61 
(H2N2) 

[0.013047] 

A/mallard/Potsdam/177-
4/1983(H2N2) 

[0.019289] 

Eurasia 
(Germany) U 

 

E 4 

A/northern 
pintail/Alaska/44202-

143/2006(H6N1) 
[0.002668] 

A/duck/Hokkaido/W159/20
06(H6N1) 
[0.005866] 

Eurasia 
(Japan) W 

 
F 68 

A/shorebird/DE/12/2004
(H6N8) 

[0.005815] 

A/duck/Hokkaido/120/200
1(H6N2) 

[0.004200] 

Eurasia 
(Japan) S 

 
G 17 

A/blue-winged 
teal/Ohio/1387/2005(H6

N2)[0.000527] 

A/mallard/Netherlands/16/
99(H6N5)[0.01606] 

Eurasia 
(Netherlands) E 

 
H 8 

A/mallard/Alberta/203/9
2(H6N5) 

[0.013472] 

A/duck/Hong 
Kong/716/1979(H6N1) 

[0.026898] 

Eurasia 
(Hong Kong) N 

 
I 7 

A/Shorebird/Delaware/2
9/94(H6N8) 
[0.012650] 

A/guillemot/Sweden/3/00(
H6N2) 

[0.053203] 

Eurasia 
(Sweden) E 

 
J 24 

A/pintail/Alberta/179/93(
H6N1) 

[0.009991] 

A/turkey/Germany/R04/99
(H6N2) 

[0.038491] 

Eurasia 
(Germany) U 

 

K 3 

A/ruddy 
turnstone/Delaware/107

0/2002(H9N4) 
[0.015336] 

A/duck/Hong 
Kong/448/78(H9N2) 

[0.052128] 

Eurasia 
(Hong Kong) S 

 
L 8 

A/shorebird/DE/261/200
3(H9N5) 

[0.009245] 

A/mallard/Ireland/PV46B/1
993(H9N3) 
[0.058567] 

Eurasia 
(Ireland) E 

 
M 21 

A/goose/MN/5733-
1/1980(H9N2) 

[0.001331] 

A/Duck/Hong 
Kong/86/76(H9N2) 

[0.061766] 

Eurasia 
(Hong Kong) U 

 
N 6 

A/shorebird/DE/68/2004
(H13N9) 

[0.005356] 

A/gull/Astrakhan/176/1986
(H13N2) 

[0.090114] 

Eurasia 
(Russia) E 

 

O 2 
A/shorebird/Delaware/1

68/06(H16N3) 
[0.033655] 

A/herring 
gull/Norway/10_1623/200

6(H16N3) 
[0.015809] 

Eurasia 
(Norway) E 

 

P 14 

A/mallard/Oregon/4422
1-105/2006 (H3N6) 

[0.003054] 
(NIGSPHI00016) 

A/duck/Siberia/100/2001(
H3N8) 

[0.036371] 

Eurasia 
(Russia) W 

 
Q 5 

A/green-winged 
teal/Ohio/203/1998(H6N

2) 

A/turkey/Germany/R04/99
(H6N2) 

[0.029834] 

Eurasia 
(Germany) U 



[0.005200] 

 
R 1 

A/fowl/Dobson/1927(H7
N7) 

[0.001629] 

A/FPV/Weybridge(H7N7) 
[0.008076] 

Eurasia 
(United 

Kingdom) 
E 

 
S 1 A/duck/Hokkaido/84/02(

H5N3) [0.022040538] 
A/shorebird/DE/1346/2001

(H5N7) [0.0251802772] 

North 
America 
(USA) 

S 

 
T 1 

A/duck/New 
Zealand/41/1984(H5N2) 

[0.05181835986] 

A/mallard/WI/169/1975(H5
N3) [0.020292] 

North 
America 
(USA) 

U 

 
U 1 

A/guillemot/Sweden/3/0
0(H6N2) 

[0.0063919606] 

A/Shorebird/Delaware/194
/98(H6N4) 

[0.01506297270] 

North 
America 
(USA) 

E 

 
V 3 

A/gray 
teal/Australia/1/1979(H6

N1 [0.0005229503] 

A/blue-winged 
teal/ALB/48/1978(H6N5) 

[0.045220931007] 

North 
America 
(Canada) 

U 

 
W 2 

A/chicken/Heilongjiang/
u/1998(H9N2) 

[0.003223767523] 

A/turkey/Wisconsin/1966(
H9N2) [0.0037906] 

North 
America 
(USA) 

U 

 
X 9 

A/gull/Astrakhan/226/19
84(H13N6) 

[0.0028269390] 

A/gull/Maryland/704/1977(
H13N6) [0.0428674022] 

North 
America 
(USA) 

E 

 
Y 1 A/duck/21/1982(H3) 

[0.018996789] 

A/pintail 
duck/ALB/169/1980(H3N8

) [0.00523986961] 

North 
America 
(Canada) 

U 

 
Z 1 

A/duck/Taiwan/wb787/2
005(H4N2) 

[0.00983753114] 

A/pintail/Alaska/310/2005(
H4N6) [0.005590459] 

North 
America 
(USA) 

W 

NA 

A 221 

A/pintail 
duck/ALB/219/1977(H1

N1) 
[0.008827] 

A/duck/Taiwan/0526/72(H
6N1) 

[0.069976] 

Eurasia 
(Taiwan) U 

 

B 1 

A/common 
murre/Oregon/19497-

004/2005 (H9N5) 
[0.054804] 

(NIGSPHI00001) 

A/duck/Hokkaido/1058/01(
H4N5) 

[0.035083] 

Eurasia 
(Japan) W 

 
C 1 

A/turkey/Canada/63(H6
N2) 

[0.000000] 

A/turkey/England/N28/73(
H5N2) 

[0.000000] 

Eurasia 
(United 

Kingdom) 
U 

 
D 56 

A/mallard/MN/1/2000(H
5N2) 

[0.009733] 

A/duck/Hokkaido/5/1977(
H3N2) 

[0.023940] 

Eurasia 
(Japan) U 

 

E 2 
A/shorebird/Delaware/1

68/06(H16N3) 
[0.000000] 

A/common 
gull/Norway/10_1617/200

6(H16N3) 
[0.049335] 

Eurasia 
(Norway) E 

 

F 2 

A/sabines 
gull/Alaska/296/1975(H

5N3) 
[0.008818] 

A/gull/Heuwiese/899-
6/80(H7N3) 
[0.103652] 

Eurasia 
(Germany) N 

 
G 1 

A/murre/Alaska/305/76(
H1N6) 

[0.022242] 

A/duck/Potsdam/2216-
4/1984(H5N6) 

[0.020199] 

Eurasia 
(Germany) N 

 
H 1 

A/shorebird/Delaware/2
24/1997(H13N6) 

[0.028926] 

A/gull/Astrachan/227/84(H
13N6) 

[0.014275] 

Eurasia 
(Russia) E 

 
I 11 

A/gull/Maryland/704/197
7(H13N6) 
[0.008738] 

A/gull/Astrachan/227/84(H
13N6) 

[0.031931] 

Eurasia 
(Russia) E 



 
J 1 

A/emu/NY/12716/1994(
H5N9) 

[0.042664] 

A/duck/Hong 
Kong/278/1978(H2N9) 

[0.038223] 

Eurasia 
(Hong Kong) S 

 
K 1 

A/fowl/Dobson/1927(H7
N7) 

[0.002827] 

A/FPV/Weybridge(H7N7) 
[0.003024] 

Eurasia 
(United 

Kingdom) 
E 

 
L 2 A/duck/PA/486/1969(H6

N1)[0.000000] 
A/duck/Taiwan/0526/72(H

6N1)[0.060545] 
Eurasia 
(Taiwan) S 

 

M 4 A/duck/Hokkaido/w206/
2006(H6N1) [0.0] 

A/northern 
pintail/Alaska/44203-

023/2006(H6N1) 
[0.009922417] 

North 
America 
(USA) 

W 

 
N 1 A/duck/Tsukuba/561/20

06(H6N1) [0.01139684] 
A/mallard/ON/499/2005(H

5N1) [0.0020023] 

North 
America 
(Canada) 

U 

 
O 1 

A/duck/Hong 
Kong/951/1980(H4N1) 

[0.020109413116] 

A/gull/Maryland/4/77(H6N
1) [0.009032301] 

North 
America 
(USA) 

S 

 
P 3 

A/duck/Nanchang/1681/
1992(H3N8) 

[0.009824959332] 

A/green-winged 
teal/ALB/438/1979(H3N8) 

[0.01836826478] 

North 
America 
(Canada) 

U 

 

Q 7 
A/wild bird 

feces/Korea/ESD3/03(H
3N8) [0.00061758016 ] 

A/northern 
pintail/Alaska/44183-

072/2006(H3N8) 
[0.0141074] 

North 
America 
(USA) 

W 

 

R 5 
A/duck/Hokkaido/228/2

003(H6N8) 
[0.00130277567] 

A/northern 
pintail/Alaska/44183-

072/2006(H3N8) 
[0.008519941] 

North 
America 
(USA) 

W 

 
S 10 

A/black 
duck/Perth/699/1978(H
3N8) [0.0165813298] 

A/turkey/Minnesota/501/1
978(H6N8) [0.05568495] 

North 
America 
(USA) 

 

 
T 2 

A/duck/New 
Zealand/41/1984 

(H5N2) [0.040221438] 

A/blue-winged teal/New 
York/370ac/1979(H4N2) 

[0.0194541838] 

North 
America 
(USA) 

S 

 
U 1 

A/swan/Shimane/1331/
1981(H10N6) 

[0.00801579725] 

A/pintail 
duck/Alberta/712/80(H3N6

) [0.0069923] 

North 
America 
(USA) 

U 

 
V 2 

A/red-necked 
stint/Australia/5745/198

1(H12N9) [0.0] 

A/mallard 
duck/ALB/1151/1979(H6N

9) [0.0386878]  

North 
America 
(Canada) 

U 

 
W 1 

A/tern/Australia/G70C/1
975(H11N9) 

[0.03050226779] 

A/duck/Memphis/546/197
4(H11N9) [0.029922442] 

North 
America 
(USA) 

U 

 
X 2 

A/shearwater/Australia/
405/1978(H3N8) 
[0.02865403127] 

A/turkey/Minnesota/501/1
978(H6N8) 

[0.0436117830] 

North 
America 
(USA) 

U 

 

*‘W’ denotes gene flow between the American Pacific flyway and the East-Asian/Australasian flyway.  

‘E’ denotes gene flow between the American Atlantic flyway and the East Atlantic/Mediterranean flyway. 

‘N’ denotes gene flow between the American Pacific flyway and the East Atlantic/Mediterranean flyway. 

‘S’ denotes gene flow between the American Atlantic flyway and the East-Asian/Australasian flyway. 



‘U’ denotes ‘unclassified’ because either the source or recipient locality was not within the American 

Pacific flyway, American Atlantic flyway, East Atlantic/Mediterranean flyway or the East-

Asian/Australasian flyway.  Refer to Figure 3A. 


